spraying of non-selective herbicides with a shielded sprayer and manual chipping. However, little information is available on the effectiveness of different weed management practices, the economic impact of weeds or other important weed issues concerning this system. Charles (1991) surveyed weeds in irrigated cotton, which was grown mostly as a mono-culture or in simple crop rotations. The weeds, management techniques and issues are very different between the irrigated and dryland cropping systems.
Several previous surveys documented the weed flora and weed management practices in the grain cropping systems of subtropical Australia. Martin et al. (1988) surveyed the weeds and management practices used in wheat in northern NSW. Later, Felton et al. (1994) surveyed the impact of fallow practices on weed flora in summer fallow and sorghum in the same region. Streit (1996) surveyed the relative importance of the different weed control practices used in the intensive grain-cropping region of the Darling Downs in Southern Queensland. Gavin et al. (1999) monitored changes in weed species, density and effectiveness of control practices in wheat paddocks of a wheat-sorghum rotation in northern NSW and southern Queensland over 2 years. Widderick et al. (1999) conducted a postal survey on distribution and management practices for the control of common sowthistle (Sonchus oleraceus L.) across the subtropical grain region. These field and postal surveys were followed by an extensive postal survey on the distribution and density of weeds in winter crops across Australia, which included northern NSW and Southern Queensland Alemseged et al. 2001) . These authors validated the postal survey data by following it with a limited field survey.
A few of these weed surveys also estimated the financial and economic impact of weeds in this cropping region. Charles (1991) calculated that the annual costs of weed control in irrigated cotton was $161/ha for the crop and $7/ha for the fallow, based on cultivation, herbicides used and chipping. More recently, Jones et al. ( , 2005 calculated that weeds cost $60/ha for wheat in Southern Queensland and northern NSW, based on weed control expenditure and losses due to residual weeds and contamination. This paper reports the results from a postal and a field survey of weed diversity and abundance, management practices and their effectiveness, and the estimated financial and economic costs of these weeds in crop rotations with dryland cotton. A distinction is made between the financial and economic costs of weeds. The on-farm or financial costs of weeds arise from both the application of direct control measures and yield losses, whereas the economic costs takes into account the constraint of weeds on aggregate crop production, with potential implications beyond the farm gate for crop processors, manufacturers and consumers. The information is used to provide direction and priorities for research needed to improve weed management, and thus reduce the impact of weeds in this important and relatively new component crop in an inherently complex farming system.
Materials and methods

Postal survey
A self-completion questionnaire was mailed to 286 growers of dryland cotton in Southern Queensland and northern NSW in September 2001. The survey form asked growers to provide information on their crop rotations with dryland cotton, soil types and the use of nominated farming practices for weed control in each crop and fallow and their frequency of use by selecting a category of 'often used', 'sometimes used' or 'rarely or not used'. For each crop and fallow, growers were asked to list the 5 main weeds, herbicides used and control normally achieved by selecting a category of 'very good', 'acceptable' or 'variable'. In addition, they were asked for information on their average crop yields, losses from uncontrolled weeds and contamination penalties. Information from each completed survey was entered into a Microsoft Access database, which was used to collate and present results in this paper. Data are presented as percentages of responses compared with the total number of responses for each part of the questionnaire.
For the most common weeds identified in the postal survey, the proportion of weeds present was examined with the use frequency of each weed control practice used in fallows and the main crops. Weed presence was also compared between Southern Queensland and northern NSW. In addition, the control categories achieved with the different herbicides were compared for the most common weeds. Contingency tables were compiled and were tested for independence using a chi-square test in Genstat (2002) .
Grower interview and field survey
Ten of the postal survey respondents were chosen at random for interviewing and monitoring of weeds in their rotations with dryland cotton. Seven of the farms were located in the Darling Downs region of Southern Queensland, and 3 were located between Goondiwindi and Narrabri in northern NSW.
The growers were asked individually for more information on their crop agronomy and weed management strategies. Then a total of 32 paddocks on these 10 farms were monitored for weed diversity and density. The paddocks were in fallow (19) or in crop with cotton (9) or sorghum (4). Each paddock was rated in December 2001 for weeds initially infesting the crop or fallow and in May 2002 for surviving residual weeds.
Each paddock was divided into 4 sections and 5 transects, each 10 by 1 m, were selected randomly across each section. The presence and density of each weed species were noted in each transect. Species density was rated using the scale 0-3: 0, no weeds/10 m 2 ; 1, 1-9 weeds/10 m 2 ; 2, 10-100 weeds/10 m 2 ; 3, >100 weeds/10 m 2 .
Financial and economic analyses
The cost of weeds that arise from the application of direct control measures and crop yield losses were estimated for each crop and fallow of the rotations in each completed postal survey. This was based on the economic framework described by Jones et al. (2005) that was adapted from McInerney (1996) . Weeds have a direct financial impact by either increasing production costs or reducing income through lower yields. The costs of the direct control measures were calculated based on the nominated chemical and non-chemical practices, and their frequency of application for each crop and fallow. The yield losses were calculated based on the growers' estimates of yield loss from their residual weeds and the penalty costs associated with weed contamination, although few growers reported problems of weed contamination in grain or cotton.
The economic analysis was based on the estimated financial costs of weeds and the total crop cost figures from synthetic budgets, using the standard industry supply and demand representation, as described by Vere et al. (2002) . Economic surplus concepts are widely used in evaluating the social welfare effects of agricultural productivity changes (Alston et al. 1995) . The supply and demand functions of a commodity represent its value to producers and consumers. Total economic welfare includes consumer surplus, the difference between the consumer's willingness to pay (demand) and the price, and producer surplus, the difference between price and the marginal costs of production to the producer (supply). The effect of a change in technology is represented in this framework as a shift in the supply function, which interacts with demand to indicate a new equilibrium price and quantity produced, as shown graphically in Vere et al. (2002) . The change in economic welfare due to technological improvement can be estimated as a change in total economic surplus, consisting of changes in both consumer and producer surplus. The effect on economic welfare of weeds in dryland cotton crops was evaluated as an inward shift in the industry supply curve from the case of a weed-free environment. Grower estimates of crop yields with and without weeds, together with cotton prices, industry production figures and estimates of demand and supply elasticities were used in the economic analysis. The changes in economic surplus were then calculated using the formulae described by Alston et al. (1995) .
Estimates of industry demand and supply elasticities were required for the analysis. Hill et al. (1996) reviewed Marshallian demand elasticities from previous studies and used their own judgment to develop an own-price domestic cotton demand elasticity of -0.2 and a cotton supply elasticity of 1.5. Clements and Lan (2001) quoted an own-price cotton demand elasticity of -0.14. Supply elasticities vary according to the length of the run in the decision period, since production responses to price changes are more limited in the short term. Demand for cotton will also vary according to the length of the value chain between producer and consumer. The demand and supply elasticities of -1.5 and 0.8, respectively, were used in this analysis to estimate the aggregate economic effect of weed costs in dryland cotton. These represented a medium-term case. Two other scenarios with demand and supply elasticities of -0.8 and 0.2, respectively, and -5.0 and 1.5, respectively, were tested as shorter-and longer-term cases, respectively.
The costs of the different control practices for various crops in 2000-01 were derived from published gross margin budgets (Scott 2002; Lucy 2002; Lucy et al. 2002) . The cotton price of $525/bale, an Australian price average of the previous 10 years (W. Mollard pers. comm.), was used in the analysis. Estimates of on-farm variable costs and farm-gate prices were also used.
Reliability of survey estimates
The survey was conducted to find representative information about farmers with cropping systems that included dryland cotton. Errors associated with using a survey estimate to represent a true population parameter include non-sampling and sampling errors. Non-sampling errors can be minimised by careful design and testing of the questionnaire avoiding ambiguous or misleading questions, reducing the possibility of transcription or other processing errors and preliminary data analysis ensuring that the information is derivable.
Standard deviations associated with the mean direct control costs for crops and fallows were estimated, and statistical t-tests (Greene 1995) were used to signify whether survey means were significantly different from zero.
Results
Postal survey response
Forty-eight completed responses were received, representing a response rate of 17%. Thirty-two respondents were from the Darling Downs region and 16 were from the Goondiwindi to Narrabri region. This distribution corresponds well with the proportion of dryland cotton growers in the 2 regions (Cotton Yearbook 2000 .
Crop rotations and soils
Twenty-eight crop and fallow sequences with dryland cotton were listed by the growers. The most common rotation was cotton with winter cereal (Table 1) . Cotton was rotated with 1 wheat crop (28%), 2 wheat crops (17%), 1 wheat crop then 1 barley crop (5%) or 3 wheat crops (1%). The other common rotation was cotton with summer and winter cereals. In this rotation, cotton was rotated with 1 wheat crop and 1 sorghum crop (11%) or with 1 wheat crop, 1 barley crop and 1 sorghum crop (4%). Other rotations were dryland cotton only or were various combinations of sorghum, maize, chickpea, mung bean and peanut crops. Cotton crops were normally preceded by a fallow of about 12-18 months and were followed with either a winter crop after a very short or 12-month fallow or a summer crop after about a 6-month fallow. Consequently, cotton was grown once every 2-4 years in these rotations. For most interviewed growers, their crop rotation was selected to optimise soil water conservation (90%) and for better weed control (70%).
This cropping system was almost entirely grown on Vertosol soils, which have high clay content (40-80%) with a high capacity to store plant-available water (Webb et al. 1997) .
Survey of weeds in dryland cotton rotations 
Crop agronomy
The interviewed growers sowed dryland cotton in 1 m rows as a solid plant, single skip (every third row not planted) or double skip (every third and forth row not planted). The sowing rate of cotton varied from 4.5 to 11 kg/ha depending on row spacing. The survey was conducted before the commercial release of Roundup Ready cotton. Sorghum was normally sown in 1 m rows of either solid planting or single skip at 3-5 kg/ha. Winter cereals were normally sown in 25-38 cm rows at 40 kg/ha or less.
Fallow weeds
Growers were highly reliant on knockdown herbicides for fallow weed control with 89% using these herbicides regularly in both summer and winter fallows ( Table 2) . Cultivation was used by 23-28% of growers on a regular basis and another 34-51% on a less regular basis. Spot spraying and residual herbicides were used regularly by only a few growers, whereas grazing was not commonly used.
Glyphosate alone and glyphosate mixes accounted for the large majority (92-94%) of the herbicide treatments applied to weeds in fallows (Table 3) . The most common mix in both fallows was glyphosate with 2,4-D (17%). In summer fallows, glyphosate was mixed with fluroxypyr, metsulfuronmethyl and atrazine, and to a lesser extent triclopyr, tribenuron-methyl, MCPA and dicamba, whereas in winter fallows it was mixed with metsulfuron-methyl, dicamba and tribenuron-methyl, and to a lesser extent MCPA and oxyflurofen. Several herbicides, not mixed with glyphosate, were applied infrequently, such as metsulfuron-methyl, fluroxypyr, paraquat + diquat and dicamba in summer fallows, and 2,4-D, dicamba and picloram + 2,4-D in winter fallows.
The most common weeds in summer fallows, as nominated by growers, are listed in Table 4 . Many growers did not specify the names of their summer grasses, but it is likely that most were referring to barnyard (Echinochloa spp.) and/or liverseed grass (Urochloa panicoides P.Beauv.). These grasses were by far the most common weeds of summer fallows with 82% of growers listing them as their main weeds. The other common weeds in summer fallows were bladder ketmia (Hibiscus trionum L.), common sowthistle, caltrop (Tribulus spp.), and burrs (Xanthium spp.) and as well as thornapples (Datura spp.), cowvine (Ipomoea lonchophylla J.M.Black) and pigweed (Portulaca oleracea L.). Minor weeds of summer fallows were amaranths (Amaranthus spp.), bellvine (Ipomoea plebia R.Br. In winter fallows, wild oats, common sowthistle, black bindweed and turnip weed were by far the most common weeds, with half or more of the growers nominating these weeds (Table 4) . Paradoxa grass (Phalaris paradoxa L.), wireweed (Polygonum aviculare L.), thistles and mustards (Sisymbrium spp.) were also common but to a lesser extent. Minor weeds of winter fallows were African turnip weed (Sisymbrium thellungii O. E. Schulz), bladder ketmia, caltrop, cowvine, deadnettle (Lamium amplexicaule L.), fleabane, melons, New Zealand spinach (Tetragonia tetragonioides Kintze), potato weed, prickly lettuce (Lactuca serriola L.), ryegrass (Lolium rigidum L.), small-flowered mallow, vetches (Vicia spp.) and wild radish (Raphanus raphanistrum L.).
The majority of growers believed that they achieved very good control of wild oats and paradoxa grass in winter fallow, but less achieved equivalent control for liverseed and barnyard grass in summer fallow (Table 4) . The broadleaved weeds, not controlled well by many growers were bladder ketmia, black bindweed and common sowthistle in both fallows.
Weeds in dryland cotton and sorghum crops
The majority of dryland cotton growers used a mix of weed control practices, such as pre-and post-emergent herbicides, non-selective herbicides applied with a shielded sprayer between the rows, pre-harvest desiccation, inter-row cultivation and, to a lesser extent, chipping (Table 2 ). Very few growers sowed cotton at higher than district average Survey of weeds in dryland cotton rotations Frequency of use (%) was determined using the total number of herbicide treatments: summer (n = 177) and winter fallows (n = 168), cotton (n = 146), sorghum (n = 104), wheat (n = 121) and chickpea crops (n = 34) seeding rates. In sorghum crops, they used less inter-row cultivation, shielded spraying and chipping.
The most common herbicides used in dryland cotton crops (Table 3) were glyphosate applied with a shielded sprayer (26%) and fluometuron + prometryn applied alone or mixed with pendimethalin, glyphosate or diuron (40%). The other herbicide treatments listed were diquat + paraquat, diuron, fluazifop, fluroxypyr, haloxyfop, metolachlor, oxyflurofen, pendimethalin, pyrithiobac, trifluralin, triclopyr and various mixes of these herbicides.
Atrazine, alone or mixed, accounted for 79% of the herbicides used in sorghum crops (Table 3) . Fluroxypyr, metolachlor and picloram + 2,4-D were the other herbicides nominated.
The weed flora was very similar in cotton and sorghum crops (Table 4 ). The most common weeds were bladder ketmia, caltrop, unspecified grasses, liverseed grass and barnyard grass. The burrs were less common in sorghum than cotton crops, and thornapple was more common in sorghum than cotton crops. Other weeds that were listed to a lesser extent were bellvine, black bindweed, black pigweed (Trianthema portulacastrum L.), devil's claw, fleabanes, Johnson grass, melons, mintweed, mustards, paradoxa grass, potato weed, rhynchosia, sesbania pea, summer grass (Digitaria ciliaris Koeler), turnip weed, vetches and wild gooseberry.
The majority of growers did not achieve very good control of many common weeds in both crops, particularly bladder ketmia in cotton and liverseed and barnyard grass in both crops (Table 4) . However, amaranths, cowvine and pigweed were generally controlled better than the other common weeds.
Weeds in wheat and chickpea crops
Weed control in wheat crops relied mostly on postemergent herbicides, with other chemical and non-chemical options used irregularly or rarely by many growers (Table 2 ). In comparison, chickpea growers used more pre-emergent herbicides and pre-harvest desiccation, but tended to use less post-emergent herbicides.
The majority of wheat growers (69%) applied metsulfuron-methyl, MCPA or mixes with MCPA and/or metsulfuron-methyl (Table 3) . Eighteen percent used the graminicides, clodinafop or fenoxaprop. Other herbicides used were 2,4-D, dicamba, and mixes with picloram, thifensulfuron, fluroxypyr and chlorsulfuron. Chickpea growers used mainly the graminicide haloxyfop (24%), simazine or mixes with simazine (48%). Others applied glyphosate between rows with a shielded sprayer.
The weed flora in wheat and chickpea crops was very similar, with both crops infested mainly with turnip weed, common sowthistle, black bindweed and wild oats (Table 4) . Other weeds included paradoxa grass, wireweed, mustards and New Zealand spinach, and to a lesser extent Mexican poppies (Argemone spp.), prickly lettuce, shepherd's purse (Capsella bursa-pastoris Medik.), thistles and wild radish. The least well-controlled weeds using herbicides were black bindweed in both crops and common sowthistle in chickpea.
Association between main weeds and management practices
There were significant associations or a strong trend for an association between some common weeds and the regular use of various management practices in fallow, dryland cotton and sorghum crops but not in wheat crops. Grasses Survey of weeds in dryland cotton rotations were associated with growers using residual herbicides in summer fallow (P = 0.060). Cowvine (P = 0.038) and sowthistle (P = 0.057) were spot sprayed in summer and winter fallows, respectively, and amaranth was sprayed late (P = 0.030) and with shielded sprayers (P = 0.047) in sorghum crops. Caltrop was controlled with tillage in summer fallows (P = 0.046) and was inter-row cultivated in dryland cotton crops (P = 0.045), whereas black bindweed (P = 0.050), turnip weed (P = 0.040) and thistles (P = 0.059) were cultivated and paradoxa grass (P = 0.037) grazed in winter fallow. Amaranth (P = 0.040) and thornapple (P = 0.054) were associated with growers sowing dryland cotton at higher seeding rates.
There were significant associations or a strong trend for an association between some common weeds and the main herbicides used on these weeds. Bladder ketmia tended to be better controlled with glyphosate mixtures than glyphosate alone in summer fallow (P = 0.071), although it was much better controlled in dryland cotton crops with glyphosate than with fluometuron mixtures (P = 0.001). Black bindweed tended to be better controlled in winter fallow by glyphosate mixtures than glyphosate alone (P = 0.090). Liverseed grass was much better controlled with metolachlor alone or mixtures than with atrazine alone (P = 0.014).
Association between main weeds and region
There were regional differences for some of the common weeds listed in the postal survey (Table 5 ). Bladder ketmia, amaranth, and, to lesser extent, caltrop were more common in Southern Queensland than in northern NSW. In contrast, burrs and barnyard grass as well as wild oats, paradoxa grass, and, to lesser extent, turnip weed were more common in northern NSW than in Southern Queensland.
Field survey
In general, the field survey supported the findings of the postal survey in relation to the main weeds and their control during the summer components of the rotations.
Sixty weed species of 54 genera (Table 6) , as well as 5 crops, volunteer barley, cotton, sorghum, sunflower and wheat, were identified in the summer fallow and dryland cotton paddocks. The majority of weed species were recorded in the initial survey, whereas 37 weed species were recorded at the end of the season, which were classed as residual weeds.
The most common weed was bladder ketmia, which infested 75% of the fallow and dryland cotton paddocks (Table 6 ). The next most common weeds were common sowthistle, pigweed, caltrop (Tribulus spp.), dwarf amaranth (Amaranthus macrocarpus Benth.), barnyard grass (Echinochloa spp.) and cowvine, which were found in 36-54% of the paddocks. Another 8 species were found in 21-36% of the paddocks, 6 of which were not nominated as main weeds of summer fallow or dryland cotton by most growers.
Bladder ketmia was by far the most abundant weed infesting summer fallow and dryland cotton when averaged across the surveyed paddocks (Table 6 ). Pigweed, barnyard grass and cowvine also had high mean density ratings in summer fallow, whereas pigweed and common sowthistle had high mean densities in dryland cotton. Some individual paddocks had very high ratings of 1.7-2.1 for bladder ketmia, pigweed and barnyard grass (data not shown).
The majority of the initially infested paddocks had residual weeds at the end of the crop or fallow (Table 6 ). The average density ratings of the residual weeds for the 15 most common weeds were 38 and 59% of the initially recorded levels for summer fallow and dryland cotton, respectively. However, the densities of some weed species increased, particularly common sowthistle in summer fallow, which increased by 43%, and pigweed, barnyard grass and caustic weed in dryland cotton, which increased by 39-118%. In addition, residual densities of fleabane were similar to the initial densities in both situations.
The main weeds in the 4 sorghum paddocks were bladder ketmia, pigweed, barnyard grass and cowvine (data not shown).
Financial and economic impact
It was estimated from the postal survey that direct weed control costs were $220/ha for dryland cotton crops compared with $60/ha for sorghum, $39/ha for chickpea and $20/ha of wheat crops, although the estimated weed control costs in wheat and chickpea crops were not significantly Survey of weeds in dryland cotton rotations (Table 7) . They also spent $34-36/ha on controlling weeds in each 6-month fallow. Growers estimated that yield losses were about 4-9% due to competition from residual weeds, resulting in a potential $18-121/ha loss in production (Table 7) . Consequently, the total cost due to weeds was substantial, particularly for dryland cotton, sorghum and chickpea. No sampling errors were calculated for the yield loss estimates as they relied on farmer's perceptions of weed-free crop yields rather than recorded costs. Thus, the sampling errors associated with the total costs of weeds were not derived.
The average total costs of weeds were estimated for the main crop rotations listed in Table 1 . Weed control was most expensive when dryland cotton was grown every second summer, and rotated either with wheat ($224/ha.year) or only fallow ($223/ha.year). It was least expensive when dryland cotton was grown every forth summer and rotated with 2 wheat crops ($148/ha.year) or with a wheat and sorghum crop ($161/ha.year).
The economic loss in producer surplus associated with weeds in the 69 200 ha of dryland cotton in 2000-01 (Cotton Yearbook 2001) was estimated as $19.6 million per year for the medium-term case scenario. Of this change, 35% accrued to consumers and 65% to producers. The estimated losses were $18.9 million per year with 20% for consumers and 80% for producers, and $20.6 million per year with 23% for consumer and 77% for producer, for the short-and long-term case scenarios, respectively.
Discussion
Growers nominated 42 different genera as the main weeds of their fallows and crops, including dryland cotton, grown in rotations, which consisted of 28 different crop and fallow sequences, indicating the complexity of weed management in this system. Also, we identified 54 different weed genera in fallows, dryland cotton and sorghum crops during summer 2001-02. The more common weeds identified in the field survey were very similar to those listed as main weeds by the growers, apart from a few weeds, such as thornapple and burrs, which were less common in the field survey. The main problem weeds in the summer components of the rotations were bladder ketmia, common sowthistle, barnyard grass and liverseed grass. Common summer weeds that were not considered by growers as difficult to control included pigweed, amaranths, cowvine and caltrop, although substantial numbers of these weeds were present as residual weeds in dryland cotton crops in the field survey. Black bindweed and common sowthistle were the main winter weeds.
Many growers used a range of selective and non-selective herbicides, and non-chemical tools to control these weeds in dryland cotton crops, indicating that growers are implementing integrated weed management techniques in this crop. However, this strategy was not applied across the farming system, as most growers relied heavily on a limited number of herbicides for weed control in fallows and rotational crops.
The variation in the level of weed management inputs for dryland cotton compared with other crops is shown in the differences in expenditure on weed control. Growers who responded to the postal survey were estimated to spend on average $220/ha for weed control in dryland cotton crops compared with $20-60/ha for main rotational crops and $34-36 for fallows. Despite this large expenditure of $148-224/ha.year, depending on the rotation, weeds continue to flourish in this cropping system. This is evident by the number of residual weeds in the field survey and the few growers achieving effective herbicidal control of their main weeds in the postal survey.
The approach to weed control requires a change from treating infestations to managing weed populations across the whole cropping system. The aim is to reduce the weed seed-bank with time, as Medd (1997, 2000) predicted that strategies minimising return of weed seed to the soil maximised profits and reduced the economic impact of weeds in the long term. Weed population management is based on optimal herbicide performance together with additional weed control measures that limits additions to the seed-bank in each component of the rotation. Given that the annual economic costs associated with weeds in dryland cotton crops were estimated to be $19.6 million, it is evident that the incorporation of additional and more effective weed control options would be economical in the long term. Several options for better herbicide efficacy were revealed in the survey for key weeds, such as bladder ketmia in fallow and dryland cotton crops, liverseed grass in sorghum crops and black bindweed in fallow. Residual herbicides are often cost-effective weed control options, although the need to maintain flexibility in the cropping system restricts the use of some potentially useful residual herbicides, particularly in fallows and rotational crops (Charles 2002a ). The few growers using residuals in summer fallows tended to be targeting annual grasses.
Apart from optimising herbicide performance, other tools need to be incorporated into the management strategy, such as greater crop competition and seed kill techniques that minimise the replenishment of the seed-bank from seeding of weed survivors. Walker et al. (2001 Walker et al. ( , 2002 showed that control of wild oats and paradoxa grass was improved substantially with increased competition from winter cereals, and growers in the intensive cropping region of Darling Downs in Southern Queensland considered increasing crop density as an important weed control practice (Streit 1996) . In contrast, only a few growers sowed their dryland cotton and rotational crops at higher seeding rates, and this option needs to be explored for summer crops in this environment, and more widely adopted for winter crops of the rotations. Medd et al. (1995) and Cook et al. (1999) developed selective spray-topping technology for seed kill of wild oats and similar techniques may be applicable to surviving summer weeds. Very few growers attempted to control weed survivors or late flushes in the rotational crops, apart from those using spot spraying of thornapple and sowthistle in fallow, and late herbicide application for amaranth in sorghum crops.
Non-chemical weed control options have an important role in population management strategies. A portion of the respondents of the postal survey regularly used tillage for weed control in fallows and summer crops, and chipping for controlling weed survivors in dryland cotton. Tillage tended to target several specific weeds, such as caltrop, black bindweed and turnip weed, although no indication was given on the effectiveness of this tool in preventing weed seed production. Grazing was not used regularly but a few growers occasionally grazed fallows, particularly those containing paradoxa grass. These non-chemical tools are also important in reducing the risk for development of herbicide resistance, which is a major issue for Australian agriculture, although no resistant weeds have been identified in cotton (Charles 2002b) . However, several weeds, including wild oats, common sowthistle, black bindweed, turnip weed, mustards, liverseed grass and paradoxa grass, have developed resistance in grain farming systems in the same region (Adkins et al. 1997; Storrie and Walker 1999) . Thus, weed management plans in dryland cotton farming systems also need to consider the potential for herbicide resistance.
The main problem weeds in dryland cotton crops differed to those identified by Charles (1991) in irrigated cotton crops. Bladder ketmia was the greatest problem weed identified in our survey, whereas it was ranked sixth in the irrigated cotton survey. Liverseed grass, common sowthistle and amaranths were found in dryland but not in irrigated cotton crops, whereas perennial weeds, such as Cyperus spp., raspweed (Haloragis glauca Lindl.) and polymeria (Polymeria longifolia Lindl.), were major weeds of irrigated cotton crops but were not identified in our survey.
In this survey, the weed flora and their relative importance in summer fallow and sorghum crops were similar to those reported by Felton et al. (1994) in the wheat-sorghum cropping system of northern NSW. The main exceptions were the lesser importance of bladder ketmia and the absence of cowvine in their survey. The main weeds found in wheat crops were similar to those recorded in other surveys conducted during the last 2 decades (Martin et al. 1988; Gavin et al. 1999; Alemseged et al. 2001) and included wild oats, paradoxa grass, 1 or more Brassicaceae weeds and wireweed, with most surveys also recording common sowthistle and black bindweed. Differences were the increasing importance of common sowthistle over time, as found by Widderick et al. (1999) , and the absence of annual ryegrass (Lolium spp.) in our survey compared with the survey by Alemseged et al. (2001) in which it was an important weed. The relative importance of the Brassicaceae weeds also differed between the surveys, for example wild turnip (Brassica tournefortii Gouan.), was ranked second in the survey by Alemseged et al. (2001) , but was not mentioned as a main weed in the other surveys. This may be due to incorrect weed identification as many of the Brassicaceae weeds are commonly referred to as turnip weed or wild turnip.
The use of surveys and the interpretation of survey results seem relatively widespread, but seldom is there any acknowledgement of the possibility, or implications, of sampling errors associated with these types of analyses. Straight comparisons of estimates derived from survey processes may lead to invalid conclusions. The standard errors associated with the direct weed control costs in this survey were quite large, particularly for the main crops rotated with dryland cotton. This indicates that there was a considerable amount of variation in weed control practices used in these crops. As well as sampling errors, there are likely to be substantial non-sampling errors associated with the use of self-administered surveys and response bias.
The estimated weed control costs in dryland cotton cropping systems are large compared with total costs, indicating that there is scope for gains from improved weed management across the rotation. The aggregated estimates of financial and economic costs associated with current weed infestations in dryland cotton cropping systems were also substantial, although not as large as the $151.7 million estimated for wheat in grain cropping systems in the same Survey of weeds in dryland cotton rotations region (Jones et al. 2005) . This is due at least partly to the much larger area of wheat sown in southern Queensland and northern NSW compared with dryland cotton.
The financial estimates are derived by applying an estimated per ha cost to a fixed area of production. The economic analysis, characterising the costs associated with weeds impacting on aggregate supply, is a normative analysis, which assumes a supply response to the additional costs. Intuitively, it is expected that the economic could outweigh the financial effects because off-farm effects are included in the former. The economic cost estimated here relates to total weed costs. By itself, this figure is not very useful in a research and development (R&D) priority-setting context because it is unlikely that all weed costs can be mitigated. However, the estimation framework itself can be used to evaluate potential payoffs from particular R&D proposals, a substantial advantage from using the economic framework. Several potential R&D projects could be analysed using this framework to provide a ranking according to likely net benefits. Where relevant, changes in potential crop yield losses associated with different technologies should be included in the R&D evaluations. This framework also allows an allocation of benefits between producers, processors and consumers both domestic and export, which can have implications with regard to who should fund the research. Such analyses would need to consider assumptions about patterns and rates of technology adoption by industry.
Response rate to the postal survey was similar to that of other surveys (Alemseged et al. 2001) . The questionnaire requested detailed information on many aspects of weed management, and this may have contributed to the reduced response rate. However, sufficient information was obtained from the postal and field surveys to benchmark the weed situation in dryland cotton cropping systems, and to identify and prioritise research needs for improved weed management.
